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SUMMARY

A bioassay of technical-grade heptachlor for possible carcinogeni-
city was conducted by administering the test material in feed to
Osborne-Mendel rats and B6C3Fl mice. Groups of 50 rats of each
sex were administered 1low or high concentrations of the
heptachlor for 80 weeks, then observed for 30 weeks. Doses for
females were first increased, but because of toxic effects the
doses were then reduced twice for both male and female rats
during the remaining course of the tests. Time-weighted average
doses used for the male rats were 38.9 and 77.9 ppm; for the
females, 25.7 and 51.3 ppm. Matched controls consisted of groups
of 10 untreated rats of each sex; pooled controls consisted of
the matched-control groups combined with 50 untreated male and 50
untreated female rats from similar bioassays of five other
compounds. All surviving rats were killed at 110-111 weeks.

Groups of 50 mice of each sex were administered the test material
at low or high concentrations for 80 weeks, then observed for 10
weeks. The low- and high—dose groups were tested at different
calendar times, but a concurrent control group was started with
each. Because of toxic effects, doses were reduced once for the
males at 17-18 weeks after the initiation of tests; twice for the
females, at 17 and 30 weeks, after the initiation of tests. The
time-weighted average doses used for the male mice were 6.1 and
13.8 ppm; for the females, 9 and 18 ppm. Matched controls
consisted of groups of 10 untreated mice of each sex; pooled
controls consisted of the matched-control groups combined with 90
untreated male and 70 untreated female mice from similar
bioassays of five other compounds. All surviving mice were
killed at 90-91 weeks.

The effects of heptachlor on body weights and other clinical
signs in rats and mice indicated that the dosages used were near
the maximum permissible. This was evident in that average body
weights of rats treated with high doses were consistently lower
than those of untreated controls, while body weights of low-dose
rats were unaffected. Body weights of mice given either high or
low doses showed little or no differences from those of control
mice; however, other adverse clinical signs were found in
high—~dose mice, predominantly in the females.



The effects of heptachlor on survival rates indicated that
mortality was dose-related for both female rats and female mice,
but not for males of either species. However, a substantial
proportion of all groups of animals survived to an age at which
tumors could be expected to appear.

In mice, hepatocellular carcinoma showed a highly significant
dose-related trend in both males (matched controls 5/19, low dose
11/46, high dose 34/47, P = 0.001) and females (control 2/10, low
dose 3/47, high dose 30/42, P < 0.0001). When pooled controls
were used for the comparison, the significance of the trend in
males increased to P < 0.0001l. Comparably high levels of
significance were attained when the data were subjected to
life-~-table adjustment. No other tumors were found in mice in
sufficient numbers to justify analysis.

{

In marked contrast to the findings observed in mice, no hepatic
tumors were observed in rats administered heptachlor. There was
significant statistical evidence for the induction of prolifer-
ative lesions of follicular cells of the thyroid in treated
female rats, but this finding was discounted because the rates of
incidence were comparatively low and are known to be variable in
control rat populations.

It 1is concluded that under the conditions of this bioassay,
heptachlor is carcinogenic for the liver in mice.
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I. INTRODUCTION

Heptachlor is a member of the cyclodiene group of chlorinated
insecticides (aldrin, dieldrin, endrin, chlordane, heptachlor,
and endosulfan) that were developed in the 15 years following
World War 1II. It was registered as a commercial pesticide in
1952 for foliar, soil, and structure applications and for
malarial control programs (EPA, 1972; Casarett and Doull, 1975);
after 1960 it was used primarily in soil applications against

agricultural pests and to a lesser extent against termites.

On November 18, 1974, the EPA issued a notice of intent to cancel
the registration and use of pesticides containing heptachlor,
except for subsurface ground insertion against termites and for
dipping of nonfood plants (EPA, 1974). On December 24, 1975, the
EPA issued an order that suspended the registered uses of
products containing heptachlor against ticks and chiggers,
against pests of home, garden, lawn, and turf, as an ingredient
in shelf paper, and (effective August 1, 1976) as a control
against cutworms on corn (EPA, 1976). Exempted from this order
was the use of heptachlor for treatment of seeds, control of ants

on Hawaiian pineapples, and control of the narcissus bulb fly.

The persistence of heptachlor in the environment has been well

documented. Human exposure occurs as a result of mobilization of



the compound in crops, water, and atmosphere. Zero tolerance was
established for residues on 16 vegetables, 4 fruits, and 12 field
crops used for animal consumption; also, for residues in meat and
milk (EPA, 1972). Tolerance of 0.1 ppm was set for four
additional vegetables. An acceptable daily human intake of 0.005
mg/kg was established for heptachlor and its epoxide (FAOQ/WHO,
1967). The average daily intake of both compounds from 1965 to
1970 was 0.00003 mg/kg, well below the acceptable daily intake
(Duggan and Corneliussen, 1972). When assays for heptachlor were
performed on tissue samples in 1970, mean concentrations of 0.08
ppm were detected in 967 of 3,451 hospital patients tested.
Similar observations were made in 1971 and 1972, with some
individual concentrations ranging as high as 1.68 ppm.
Heptachlor has also been shown to be transported across the

placenta and to pass into breast milk (EPA, 1974).

In 1969 the WHational Cancer Institute (NCI) was requested to
review the biological and environmental data on pesticides by the
Secretary’s Commission on Pesticides and their Relationship to
Environmental Health, a committee of the Department of Health,
Education and Welfare. Tnis review pointed out the need for an
evaluation of the carcinogenicity of several pesticides, includf
ing heptachlor (Secretary’s Commission on Pesticides, 1969).
Because of known biological effects of low doses of neptachlor

over extended periods of time (FAU/wWHO, 1967), the persistence of



the compound in the environment, and the probability of continued
human exposure, this insecticide was selected by the NCI for

inclusion in the carcinogen bioassay program.






II. MATERIALS AND METHODS

A. Chemical

The material tested was technical-grade heptachlor obtained from
Velsicol Chemical Corporation (Chicago, I11l.) in one batch for
use in the chronic study. Heptachlor is made by allylic
chlorination of chlordene, the Diels—Alder adduct of hexachloro-
cyclopentadiene and cyclopentadiene. According to the manu-
facturer, a typical analysis of the technical-grade product 1is
73% heptachlor, 227 trans—chlordane, and 5% nonachlor. Analysis
of the bioassay batch at Gulf South Research Institute by melting
point, elemental analysis, and spectroscopic and chromatographic

techniques confirmed the identity of the material.

After completion of the bioassay, this batch was reanalyzed at
Midwest Research Institute. Gas—-liquid chromatographic (glc)
comparison with the sample that was used for the bioassay showed
the two samples to be essentially the same. All major components
were present in similar proportions, and all minor components at
a level > 0.1% appeared in both samples. Using authentic
proportions of each component for standardization, it was
determined by glc that the technical-grade heptachlor contained

approximately 72 + 3% heptachlor, 18% trans-chlordane, 27% cis-



chlordane, 2% nonachlor, 1% chlordene 0.2% hexachlorobutadiene,

and smaller amounts of 10-15 other compounds.

B. Dietary Preparation

All diets were formulated weekly using Wayné§> Lab Blox Meal
(Allied Mills, 1Inc., Chicago, I11l.) to which was added the
required amount of heptachlor for each dietary concentration.
Small amounts of acetone (Mallinckrodt Chemical Works, St. Louis,
Mo.) were used as an aid to uniform dispersion of the test
compound in the feed. The diets were mixed mechanically to
assure homogeneity and to allow for evaporation of the acetone.
Corn o0il equal to 27 of the final weight of feed was then added,
primarily as a dust suppressant. Diets for control animals were
the same as those for treated animals except for the absence of
heptachlor. The corn oil (Louané:b was broduced by Opelousas
Refinery Co., Opelousas, La. Formulated diets were stored at
approximately 17°C until used, but no longer than 1 week. Water
and the formulated diets were made available ad 1libitum to the

experimental animals and were replaced three times per week.

The stability of heptachlor in feed was checked by analyzing
formulated diets for the concentration of heptachlor at intervals
over a 7-day period. Diets containing 5 and 20 ppm heptachlor
showed no change on standing at ambient temperature for this

period.



Theoretical heptachlor . concentrations in formulated diets were
checked analytically at intervals during the chronic study to
assess the accuracy of the diet preparation and the homogeneity
of the mixtures. Results are summarized in Appendix G. At each
dietary concentration, ranging from 5 to 160 ppm, the mean of the
analytical concentrations for the samples checked was within 10%
of the theoretical concentration, and the coefficient of
variation was not more than 6.9%7 at any level. Thus, the
evidence 1indicates that the formulated diets were accurately

prepared and were homogeneous.

C. Animals

Rats and mice of both sexes, obtained through contracts of the
Division of Cancer Treatment, NCI, were used in these tests. The
rats were the Osborne-Mendel strain procured from Battelle
Memorial Institute, Columbus, Ohio, and the mice were B6C3Fl
hybrids obtained from Charles River Breeding Laboratories, Inc.,
Wilmington, Mass, Upon arrival at the laboratory, all animals
were quarantined for 14 days as a laboratory acclimation period,

and randomly selected and assigned to cages and treatment groups.

D. Animal Maintenance

All animals were housed in temperature~ and humidity-controlled

rooms. Incoming air was filtered through fiberglass air condi-



tioner filters that were changed monthly. The total air in each
room was changed 10-12 times per hour. Fluorescent lighting
provided illumination 10 hours per day. The rats were housed
individually in hanging galvanized steel-mesh cages; the mice, in
plastic cages equipped with filter caps, five mice per cage for
females and two or three per cage for males. Initially, rats
were transferred weekly to clean cages; later in the study, clean
cages were provided biweekly. Mice were transferred weekly to
clean cages with filter bonnets. Fresh bedding (Absorb—Drfﬁz Lab
Products) was provided two times a week for male mice and three
times a week for females. Food (Waynég)Lab Blox ileal) and water
were consumed ad libitum. Feeder jars and water bottles were
changed and sterilized three times per week. Animal racks were

rotated laterally for both species at weekly intervals.

Rats receiving heptachlor, along with their controls, were housed
in a room by themselves. Mice receiving heptachlor were
maintained in a room housing mice administered chlordane,
toxaphene, and chlordecone. Cages for control and treated mice

were placed on separate racks in the same room.

E. Subchronic Studies

Feeding studies were conducted with rats and mice to estimate the
maximum tolerated doses of heptachlor, on the basis of which high

and low concentrations (hereinafter referred to as "high doses"



and "low doses") were determined for administration in the
chronic studies. The low doses given in the chronic studies were
1/2 of the high doses. 1In the subchronic studies, heptachlor was
provided in feed to groups of five male and five female rats and
mice for 6 weeks, followed by a 2-week period of observation.
Twofold increasing concentrations, from 20 ppm through 320 ppm,
were used. Weights of animals and consumption of feed were

measured weekly, and deaths were noted.

With rats given 320 ppm, two out of five males and all of five
females died. At 80 or 160 ppm, no males died, and their average
weekly gain in weight and consumption of feed were similar to
those of untreated controls. Four of five females died, however,
when given 160 ppm. At 80 ppm, the treated females showed less
gain in weight than the controls for the first week of treatment,
with comparable gains thereafter. Based on these findings, low
and high doses of 80 and 160 ppm, respectively, were selected for
the chronic studies in the male rats; 40 and 80 ppm, for the

females.

With mice fed 80 ppm, all males died during the second and the
third weeks, and two of the females died during the sixth week,
while those mice fed concentrations of only 20 or 40 ppm showed
no deaths and no adverse effects with respect to either body

weight or feed consumption. The concentrations of 20 and 40 ppm



were selected, therefore, as 1low and high doses for chronic

studies in both male and female mice.

F. Design of Chronic Studies

Designs of the chronic studies with rats and mice, including test
and matched-control groups, are shown in tables ! and 2. When
tests with the rats were initiated at doses indicated by the
subchronic studies, toxic effects were observed with the males,
requiring reduction of the dose after 31 weeks and again after 45
weeks; with the female rats, the dose was increased at 22 weeks,
but development of toxicity required subsequent reductions in
dose at 31 and 45 weeks. When tests with mice were initiated at
doses indicated by the subchronic studies, high mortaligy
resulted in the males, and the original high-dose group of males
was discarded, The males receiving 20 ppm then became the
high~dose group, and the study was continued, keeping the
original 10 control males. A new low-dose group of male mice was
started at 10 ppm, along with an additional group of 10 male
controls. The total number of male controls thus became 20. Due
to further appearance of toxic effects, doses for males were
reduced once, at 17-18 weeks, and doses for females were reduced

twice, at 17 weeks and again at 30 weeks.

Since the matched-control groups for both rats (10 males, 10

females) and mice (20 males, 20 females) were small, pooled-

10



Table 1. Design of Heptachlor Chronic Feeding Studies in Rats

Sex and Initial Heptachlor Time on Study Time-Weighted
Treatment No. of in Diet Treated UntreatedP Average Dose®
Group Animals?  (ppm) (weeks) (weeks) (ppm)
MALE
Matched—-Control 10 0 0 111
Low-Dose 50 80 31 38.9
20 14
10 35
0 0 30
High-Dose 50 160 31 77.9
40 14
20 35
0 0 30
FEMALE
Matched-Control 10 0 0 111
Low-Dose 50 40 22 25.7
60 9
20 14
10 35
0 0 30
High-Dose 80 22
120 9 51.3
40 14
20 35
0 0 30

4A11 animals were 35 days of age when placed on test.

byhen diets containing heptachlor were discontinued, treated male rats and
their matched controls were fed plain feed diets (without corn oil) for
11 weeks, then control diets (27 corn oil added) for an additional 18
weeks; treated female rats and their matched controls were fed plain feed
diets for 9.5 weeks, then control diets for an additional 20 weeks.
CTime-~weighted average dose = }(dose in ppm x no. of days at that dose).

L{no., of days receiving each dose)

11



Table 2. Design of Heptachlor Chronic Feeding Studies in Mice
Sex and Initial Heptachlor Time on Study Time~Weighted
Treatment No. of in Diet Treated Untreatedb Average Dose€®
Group Animals@ (ppm) (weeks) (weeks) (ppm)
MALE
Matched—Control 204 0 0 90-91
Low-Dose 50 10 18 6.1
5 62
0 0 10
High—-Dose 50 20 17 13.8
10 50
0 0 10
FEMALE
Matched~Control 10 0 0 90--91
Low-Dose 50 20 17 9.0
10 13
5 50
0 0 10
High-Dose 50 40 17 18.0
20 13
10 50
0 0 10

4511 animals were 35 days of age when placed on test.
byhen diets containing heptachlor were discontinued, mice received control

diet (2% corn oil added) until termination.

CTime-weighted average dose = [ (dose in ppm x no. of days at that dose).

L(no. of days receiving each dose)

dInitially 10 males were placed on test as matched controls; however, when
the study was restarted, 10 additional male animals were placed on test
as matched controls.

12



control groups were formed by combining matched controls from
similar bioassays of other compounds with the matched controls
for heptachlor. The periods during which the bioassays of the
different compounds were performed overlapped one another for at
least a year. For rats, the animals that comprised the
pooled-control groups consisted of groups of 10 male and 10
female controls taken from tests performed on aldrin, dieldrin,
chlordane, heptachlor, dichlorvos, and dimethoate; this gave
pooled-control groups containing 60 males and 60 females,
respectively. For mice, the animals that comprised the
pooled-control groups consisted of groups of 20 male and 20
female controls taken from tests performed on dieldrin and
chlordane, 20 male and 10 female controls from tests on aldrin
and neptachlor, and 10 male and 10 female controls from tests on
dichlorvos and dimethoate; this gave pooled-control groups
containing 100 males and 80 females, respectively. All treated
and pooled-control animals were placed on study as weanlings at
35 days of age except for the matched-control rats for
dichlorvos. Because dichlorvos was the last compound of this
series to be bioassayed, there were slight differences in the
dichlorvos matched-control rats that were pooled for use as
controls in the heptachlor study: (1) half of the animals of
each sex were started on test at 43 days of age and half at 36

days of age; (2) they were obtained from the Charles River

13



Breeding Laboratories, Inc. and were the progeny (third
generation) of a group of Osborne-Mendel rats which were
purchased from the Battelle Memorial Institute, Columbus, Ohio.
Thus there was probably no significant genetic drift that might

influence the incidence of tumors.

G. Clinical and Pathologic Examinations

All animals were observed twice daily for signs of toxicity,
weighed at regular intervals, and palpated for masses at each
weighing. Those animals appearing moribund at the time of

clinical examination were killed and necropsied.

The pathologic evaluation consisted of gross and microscopic
examination of all major tissues, organs, or gross lesions. The
following tissues and organs were taken from killed animals and,
where feasible, from animals found dead: skin, mammary gland,
brain, pituitary, mandibular nodes, salivary glands, thyroid,
parathyroid, trachea, 1lung, heart, stomach, small intestine,
large intestine, pancreas, adrenal, kidney, 1liver, spleen,
urinary bladder, prostate or uterus, testis or ovary, and bone.
Tissues were preserved in 107 buffered formalin, embedded in
paraffin, sectioned, routinely stained with hematoxylin and
eosin, and examined histopathologically. An occasional section
was subjected to special staining techniques for more definitive

diagnosis.

14



A few tissues were not examined for some animals, particularly
for those that showed early deaths. Also, some animals were
missing, cannibalized, or judged to be in such an advanced state
of autolysis as to preclude histopathologic interpretation.
Thus, the number of animals for which particular organs, tissues,
or lesions were examined microscopically, varies and does not
necessarily represent the number of animals that were placed on

experiment in each group.

H. Data Recording and Statistical Analyses

Pertinent data for this experiment have been recorded in an
automatic data processing system, the Carcinogenesis Bioassay
Data System (Linhart et al., 1974). The data elements include
descriptive information on the chemicals, animals, experimental
design, clinical observations, survival, animal weight, and
individual pathologic results, as recommended by the
International Union Against Cancer (Berenblum, 1969). Data
tables were generated for verification of data transcription and

for statistical review.

Survival curves were computed using standard life-table methods
(e.g., Kaplan and Meier [1958] or Armitage [1971]). Deaths which
were labeled accidental or scheduled sacrifice were excluded from
the numerator but not the denominator, i.e., they were treated as

censored observations. All other deaths were counted as uncen-
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sored observations in the numerator. Statistical tests of
differences between groups were computed using the methods of Cox
(1972). When two groups were to be compared, the method
explicitly given by Cox was employed. When three groups were
compared, an extension by Taromne (1975) of Cox“s method was used;
this was a test for linear trend in survival rate among the
control, low-dose, and high-dose groups. In all instances the P
value was given for a one-tailed test. Unless otherwise noted,
the P value was given in terms of a positive relation to dose.
If fhere Qas a significant departure from the 1linear relation,
this waé*so noted. Combined tests on groups treated at different
times were carried out by methods formally equivalent to those of

Mantel (1963).

The incidence of neoplastic or nonneoplastic lesions is given as
the proportion of the number of animals bearing such lesions at a
specific anatomic site (numerator) to the number of animals
examined pathologically at that site (denominator). For the
organs and tissues in which most of ’the lesions appeared, the
denominators included only those animals for which such sites
were examined histologically. For tissues that required gross
observation for detection of lesions (e.g., skin or mammary
tumors), for 1lesions that appeared at several sites (e.g.,

lymphomas), or for tissues that were examined histologically only

16



when lesions were detected grossly, the denominators consisted of

the numbers of animals necropsied.

The analysis of tumor incidence took two forms: (a) comparisons
of the number of animals with a given tumor as a proportion of
those examined for that type; (b) comparisons of the groups with
reggrd to both the number of animals with tumors and the times

(in weeks) at which all of the examined animals died.

In the first analyses, the exact (or conditional) test for
proportions was used as given by Cox (1970). For the comparison
of two groups, this was simply the Fisher exact test. When three
groups were compared, this was the exact test for a linear trend
in the logistic scale. All tests were one-tailed and, unless
otherwise noted, in the direction of a positive relationship to
dose. 1If there was a significant departure from linearity, this
was so noted. Combined tests over groups run at different times

were also performed using exact methods.

For some of the important tumor sites, the exact analysis was
applied in an additional way. This analysis eliminated from the
denominators for any of the groups being compared all animals
which died or were killed at a time before the first animal was

found to have a tumor at that site.

The second analysis of tumor incidence used life-table methods.
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Curves of the proportion surviving without tumor being observed
were computed using life-table methods (e.g., Saffiotti et al.,
1972). The times at which animals were killed were entered as
the last time point of tumor observation. Cox’s methods of
comparing these curves were used for two groups, and Tarone’s
extension to testing for linear trend was used for three groups.
All tests of tumor incidence using 1life-table methods were
one-tailed and in the direction of a positive dose relationship
unless otherwise noted. If there was a significant departure
from linearity this is so noted. Combined tests on groups
treated at different times were carried out using methods

formally equivalent to Mantel (1963).

All P values are given on a per comparison basis rather thanm on
an experiment-wise basis. If the latter is desired, one may
utilize the Bonferroni inequality and multiply any given P value
by the total number of comparisons of interest to arrive at an

experiment-wise P value (Wilks, 1962).

Analyses that were applied to the comparisons including pooled
controls were similar to those used in the comparisons involving

matched controls.

The original data were converted by computer program from days on
study to weeks on study for the individual animal data. Since

the weeks on study were given in whole integers only, it was
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possible for animals dying or being killed 1 to 4 days apart to
be reported as a week apart. These small possible discrepancies
were not of major importance in the statistical analyses except
when deaths of a large number of animals were involved in a given
week. This could happen at the termination of the test. The
animals in one dose group could be sacrificed 4 days later than
the others. Thus their time on study differs by 1 week. These

were all grouped to one time interval in the statistical tests.
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ITI. RESULTS -~ RATS

A. Body Weights and Clinical Signs (Rats)

Average ®sbody weights of high-dose male rats were consistently
lower than those of untreated controls; there was less effect in
high-dose females. Low doses had, however, essentially no effect

on body weights (figure 1).

Adverse clinical signs in the treated and control groups were
noted at a low or moderate incidence during the first year and
gradually increased in frequency during the second year of study.
These signs in individual animals included loss of weight, rough
and discolored hair coats, and palpable masses. After 80 weeks
vaginal bleeding was observed in some females (both high- and
low—-dose). Several palpable subcutaneous masses in the abdominal
region, probably mammary tumors, were noted in the low-dose
females. Surviving animals at termination of the study (111

weeks) were generally in a poor physical condition.

B. Survival (Rats)

Curves showing the probability of survival of treated and control
rats are presented in figure 2. Although a positive dose-
relation was observed for mortality in male rats, the result was

not statistically significant (P = 0.17). For female rats,

21



700

600 8 ﬁ—é—u 8 5 ] . |
g 8o® a8 4R 2%
QEBDBQOA aAla s da”
o) A A
500 g D ald
8 = A
—_ m FA N
(] o A
- 0
f, 400 5 8,
) UA
2 B84
TR
8.
; 300 Au
<
w
H a]
A
200
f MALE RATS [J MATCHED CONTROL
O LOW DOSE
/A HIGH DOSE
100
0 0 10 20 30 40 50 60 70 80 90 100 110
TIME ON STUDY (WEEKS)
700
600
500
o
= ® g 1]
= 099982 A8 R¢
o 0 B 9 A P
z 8 Raald
z o R g RIBA
o 8 8 a
2 300 o 2}
: )
P es®
-}
200 —&
FEMALE RATS O MATCHED CONTROL
O LOW DOSE
A\ HIGH DOSE
100
0 0 10 20 30 40 50 60 70 80 90 100 110
TIME ON STUDY (WEEKS)
Figure 1. Growth Curves for Rats Fed Heptachlor in the Diet

22



-
<
2
>
. 3
2
[
o
5 50
[
=
[}
« 40
[
o]
(-3
a
.30
20— MALE RATS
OMATCHED CONTROL
O LOW DOSE
.10 }———— A HIGH DOSE
0 15 30 45 60 75 90 105 120
TIME ON STUDY (WEEKS)
1.00 ===
. A ........ O % #
SN ——— L
LT~ ~Ito
% ¥ e -
.90 A —> o
______ -3 3
A 1-1
g
80 Rty W N o o7
s $s
70 b S S - S —
2 2
o R,
x 60 A
- A-eA
© &0
>
=
=
H .
< .40
-]
o]
-4
a
.30
.20 —————  FEMALE RATS
O MATCHED CONTROL
O LOW DOSE
.10 ,————A HIGH DOSE
0 15 30 45 60 75 90 105 120

TIME ON STUDY (WEEKS)

Figure 2. Survival Curves for Rats Fed Heptachlor in the Diet

23



however, the 1linear trend test for mortality was significantly
positive (P = 0.04). This was due mainly to the difference in

mortality between the low- and high-dose animals.

C. Pathology (Rats)

Histopathologic findings are tabulated in Appendix A, tables
Al-A8, covering neoplasms and other proliferative lesions, and in

Appendix C, tables Cl and C2, covering nonneoplastic lesions.

Numerous inflammatory, degenerative, and proliferative lesions
commonly seen in aged rats occurred with approximately equal
frequency in drug-treated and control animals. These included
aggregates of alveolar macrophages in the lungs, pericholangitis
and biliary hyperplasia, chronic nephritis with tubular
dilatation and epithelial hyperplasia of the renal pelvis,
chronic cystitis with varying degrees of hyperplasia of the
urinary vesical epithelium, subacute to chronic prostatitis, and

atrophy of seminiferous epithelium of the testes.

Table A2 summarizes the incidence of proliferative lesions of the
thyroid. Both follicular-cell and C-cell lesions were observed.
Areas of follicular-cell hyperplasia were characterized by
follicles with larger lumens than normal, lined by follicular
epithelial cells which were either stratified to form an

irregular epithelial border several cells thick, or projecting
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into the lumen by papillary infolding of simple cuboidal or
columnar epithelial cells which were usually larger and had more
basophilic cytoplasm than the surrounding normal follicular
cells. Compression of adjacent tissue was minimal other than
that caused by distention of the follicular 1lumen. Follicular
architecture (size and shape of lumen, thickness of the layer of
follicular cells, and amount of stroma) was heterogeneous and
resembled somewhat the adjacent normal thyroid. As a result, the
lesion blended in gradually with the adjacent normal tissue,
especially when compression was minimal. There was no evidence
of encapsulation by connective tissue. In some cases, multiple

foci of hyperplasia were present.

In comparison with those 1lesions classified as hyperplastic,
follicular-cell adenomas of the thyroid (Bloodworth, 1968;
Meissner and Warren, 1968) characteristically were more
distinctly circumscribed, had some evidence of connective-tissue
encapsulation, and had a follicular architecture more distinct
from adjacent normal thyroid parenchyma. Follicular-cell

adenomas were usually single,

Follicular-cell carcinomas were characterized by a variable
mixture of solid masses of follicular cells and numerous closely
packed small follicles. In both patterns the follicular cells

were basophilic with hyperchromatic nuclei, and numerous mitotic
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figures were present. Evidence of connective tissue and/or

inflammatory response and necrosis was often present. No

metastasis of a follicular-cell carcinoma occurred.

Proliferative C-cell 1lesions preéented a spectrum of histologic
characteristics ranging from very minimal increases in numbers of
C-cells interspersed among normal thyroid follicles, with no
compression or distortion of follicular architecture, to grossly
visible tumors that invaded adjacent tissue and in one case
metastasized to the lung. This spectrum of lesions was easy to
classify at each end (minimal hyperplasia and overt carcinoma),
but différentiation between severe hyperplasia and adenoma and
between adenoma and carcinoma was difficult, The following
criteria were used in classifying proliferative 1lesions of

C-cells in these rats

A. Hyperplasia

il. Increased numbers of C-cells are interspersed
among follicles but are not compressing follicles
or distorting follicle architecture.

2. Proliferating C-cells are polyhedral to spherical
with pale eosinophilic cytoplasm and spherical
nucleus wusually centrally located.

B. Adenoma
1. A discrete mass of C-cells widely separates

follicles, although some isolated single follicles
may be present within the mass.
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2. Spindling or lengthening of C-cells to form
interlacing bundles may be present.

3. An increase 1in Dbasophilia of C-cells may be
present.
4. No invasion of thyroid capsule, adjacent tissue,

or lymphatics is present.
5. Encapsulation is rare.
C. Carcinoma

1. Invasion of thyroid capsule, adjacent tissue, or
vessels is present.

2. Metastasis may be present.
3. Spindling and increased basophilia of neoplastic
C-cells are usually prominent features in
carcinoma, but are not necessary for diagnosis of
malignancy.
4. Increased mitotic activity is rare.
The incidence of other endocrine neoplasms is summarized in table
A3. Pituitary adenomas occurred frequently 1in all groups;

neoplasms of adrenal, parathyroid. and pancreatic islets occurred

infrequently.

Table A4 summarizes the incidence of primary neoplasms of the
digestive system. These included a number of hepatic lesions
classified as neoplastic nodules, which consisted of nodules of
enlarged hepatocytes compressing adjacent tissue, and similar in
microscopic appearance to nodules produced experimentally in rat
livers by known carcinogens. Such nodules have recently been

defined morphologically and given the designation of neoplastic

27



nodules (Squire and Levitt, 1975); as such, they have been

categorized and coded as neoplasms when observed in this study.

Table A5 summarizes the incidence of neoplasms of the
reproductive system and mammary gland. Endometrial stromal
polyps represented the most frequently occurring neoplasms of the
reproductive tract. Numerous mammary fibroadenomas, some of

which were multiple, were observed in test and control females.

Several other neoplasms occurred infrequently in various tissues
from test and control rats; the incidence of these neoplasms is
summarized in tables A6, A7, and AS8. Neoplasms similar to the
malignant fibrous histiocytomas observed in this study (table A8)
have been described previously (NCI, Bioassay of Chlordane for

Possible Carcinogenicity).

There was a distinct increase in the incidence of follicular-cell
neoplasms, including both adenomas and carcinomas in high-dose
female rats (15/38 [39%] versus pooled controls (3/58 [5%]) and
matched controls(l1/9 [11%]); a smaller increase in the total
incidence of follicular-cell neoplasms was present in low-dose
males (11/38 [29%]) versus pooled control 4/51 [8%] and matched
controls (1/8 [13%]). The biologic significance of these
increases is difficult to assess. Experimental induction of
thyroid hyperplasia in rats and birds by chronic exposure to

chlorinated hydrocarbons has been described in the 1literature
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(Moriarty, 1975); however, no thyroid neoplasms induced by
heptachlor were mentioned in the studies cited. The data in the
present study, although somewhat suggestive, do not, in the
judgment of the pathologist, appear to be sufficient to indicate
clearly a carcinogenic effect of heptachlor on the thyroid

follicular cells of rats.

There were other instances where neoplasms occurred only in test
animals, or with increased frequency when compared to control
groups. However, the nature, incidence, and severity of the
lesions observed provide no clear evidence of carcinogenic effect

of heptachlor in rats.

D. Statistical Analyses of Results (Rats)

Statistical analyses of neoplasms in rats fed heptachlor are
given in Appendix E, tables E1-El2. No hepatocellular carcinomas
were found among the 187 heptachlor-treated animals whose livers
were examined (table El),. When hepatocellular carcinoma was
combined with neoplastic nodules, a significant 1linear trend
still was not found in either sex by either statistical test.
These findings were confirmed by comparisons using the pooled

controls (table E2).

The data for proliferative thyroid 1lesions were divided into

follicular-cell and C-cell types. Several follicular-cell
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carcinomas were found among the treated male and female rats, but
none of the findings were statistically significant (table E3).
When carcinoma was combined with adenoma, a significantly
positive linear trend was found among the female rats by each
test (P = 0.002 and P = 0.001). This result was not confirmed in
the male animals. Comparisons with pooled controls for the
females yielded significant results for carcinomas and confirmed
the results when adenomas were added (table E4). In male rats
the low-~dose group had significantly more carcinomas and/or
adenomas than the pooled controls; however, here the high dose

and pooled controls had the same percentages.

A feéw C-cell thyroid carcinomas were found among the treated male
rats, but the results were not significant (table E5). Only one
C-cell thyroid carcinoma was found among the female rats; this
was in the control group. The life-table adjusted analyses could
not be validly applied here because of the small number of
tumors. The exact test was more appropriate, and it yielded a
nonsignifi